Background: Assessing of the costs of treating disease is necessary to demonstrate cost-effectiveness and to estimate the budget impact of new interventions and therapeutic innovations. However, there are few comprehensive studies on resource use and costs associated with lung cancer patients in clinical practice in Spain or internationally. The aim of this paper was to assess the hospital cost associated with lung cancer diagnosis and treatment by histology, type of cost and stage at diagnosis in the Spanish National Health Service. Methods: A retrospective, descriptive analysis on resource use and a direct medical cost analysis were performed. Resource utilisation data were collected by means of patient files from nine teaching hospitals. From a hospital budget impact perspective, the aggregate and mean costs per patient were calculated over the first three years following diagnosis or up to death. Both aggregate and mean costs per patient were analysed by histology, stage at diagnosis and cost type.
Background
Lung cancer is the third most commonly diagnosed cancer in Spain, with approximately 32,240 newly diagnosed cases and 21,120 deaths from the disease each year. In Europe, lung cancer is also the most common cause of cancer death, with 353,460 deaths in 2012 [1] .
In recent years, new drugs have been developed for lung cancer treatment, promising potential advances for patient outcomes [2] . The need to demonstrate cost-effectiveness and estimate the budget impact of new interventions and therapeutic innovations requires consideration of the costs of treating disease, including all therapeutic strategies, namely surgery, chemotherapy and radiotherapy.
However, there are very few comprehensive studies on resource use and costs associated with lung cancer patients in clinical practice in Spain or internationally. Some studies have examined the costs of lung cancer treatment, but they were based on older treatment pathways [3, 4] or on simplified clinical algorithms, not on reviews of patient records [5] . Because recently introduced drugs have significantly increased the cost of the treatment [6] , some studies have focused on chemotherapy treatments or on a particular phase of the disease [7] [8] [9] [10] [11] . A few studies have also analysed hospital costs of cancer treatment by stage at diagnosis [3, 4, 12, 13] .
It is very important to assess the cost of the entire treatment regime, not only of one therapy, in order to offer a proper perspective on the economic impact of all therapeutic strategies. The aim of this paper is to assess the hospital costs associated with lung cancer diagnosis and treatment by histology, type of cost and stage at diagnosis in the Spanish National Health Service context.
Methods

Patients
There are 53 public hospitals treating lung cancer patients at all stages of the disease in Catalonia; 10 hospitals (19%) have a thoracic surgery unit. As part of a global programme to assess cancer treatment in Catalonia, a clinical audit of lung cancer treatment was conducted on 1,186 incident patients from 23 hospitals that had a volume of at least 20 cases per year. For our study, a subset of 232 patients from the main patient sample was randomly selected from the 9 teaching hospitals (out of the 10 with a thoracic surgery unit) that diagnose over 50 patients per year; these hospitals also had information on their resource use available through electronic records. The sample size is composed of 197 patients diagnosed with non-small cell lung cancer (NSCLC) and 35 patients diagnosed with small cell lung cancer (SCLC), providing 80% power to detect as significant a difference of 2,000 Euros in the mean cost by stages in NSCLC patients, and 5,000 Euros in the mean cost by stages in SCLC patients. The power calculation was based on the assumption of a standard deviation of 5,250 Euros for NSCLC, and a standard deviation of 4,500 Euros for SCLC patients, using two-sided tests at a significance level of 0.05. All assumptions were based on previous studies [3, 13] . Random samples were drawn proportionally to the percentage of patients diagnosed at each hospital in 2008. The Minimum Basic Data Set (MBDS) was the source of information available for the selection of cases.
Patients were categorised based on histology as either NSCLC or SCLC. When histology was unrecorded, patients fell into the category of "no cytohistologic confirmation" (NCC). NSCLC patients were classified by TNM stage at diagnosis [14] (regardless of the disease progression during treatment). SCLC patients were classified as having limited or extensive disease.
The permission to access the patient files was given by the Catalan Health Service (Department of Health of Catalonia). Approval for this study was given by the Clinical Research Ethics Committee of the Bellvitge University Hospital, since it was the referral Ethics Committee of the study coordinating institution.
Patient-level analysis and cost estimation
A retrospective, descriptive analysis on resource use and a direct medical cost analysis were carried out. Resource utilisation data were collected by means of hospital administrative databases and patient files. From a hospital budget impact perspective, the aggregate and mean costs per patient were assessed in the three years following diagnosis or up to death. Both aggregate and mean costs per patient were analysed by stage at diagnosis and cost type. Mean cost per patient was also analysed by sex, age group and survival at one year from diagnosis. The categories of cost considered included (a) diagnosis (diagnostic tests, ambulatory and emergency visits, inpatient nights), (b) surgery (operating room and inpatient nights), (c) chemotherapy (day hospital and cytotoxic drugs), (d) radiotherapy (number of fractions), (e) other inpatient care (not related to diagnosis, surgery, chemotherapy or radiotherapy treatments for lung cancer, e.g., hospital admissions related to COPD or other comorbidities and palliative care), and (f ) continuing care (ambulatory and emergency visits, tests, scans, biopsies, etc., made in the continuing phase). The mean costs of surgical interventions as well as chemotherapy and radiotherapy treatments were also assessed by histology and stage at diagnosis.
To assess the cost of the episodes of care in the period considered, unit costs from 2008 were obtained from two sources: from one hospital (Hospital del Mar) with a detailed analytical accounting system implemented over 10 years ago, and from the Spanish Network of Hospital Costs Database (RECH), which has data from 13 hospitals in Spain and it has been registered and accredited by the Spanish Ministry of Health [15, 16] . The year of diagnosis was considered the baseline year (Year 0) with costs from later calendar years being discounted at 3%.
Statistical analysis
A descriptive summary of the patients' characteristics was formulated, reporting age, gender, TNM stage at diagnosis and treatment received. Kaplan-Maier estimates of survival time were stratified by histology and stage at diagnosis. A descriptive analysis was done to evaluate aggregate and mean cost per patient. Mann-Whitney tests were used to identify mean cost differences between sex (male/ female), age group (<65 years/≥65 years) and survival at one year from diagnosis (alive one year/dead one year); and Kruskal-Wallis tests were performed to identify differences between stages. In addition, a descriptive analysis of mean costs of surgical, chemotherapy and radiotherapy treatments were carried out. All calculations were made using SPSS for Windows 21.0.
Results
Patient characteristics and survival
A total of 232 cases of lung cancer were analysed, of which 172 (74.1%) were NSCLC and 26 (11.2%) were SCLC; 34 (14.7%) had no cytohistologic confirmation. Table 1 describes age, gender, staging distribution of patients at diagnosis and treatments received.
The median survival time was not estimable in Stages I, II ( Table 2 ). The mean survival time decreased in NSCLC patients from Stage I to IV ranging from 36.3 to 10.7 months and in SCLC patients between limited disease and extensive disease from 17.0 to 9.4 months. Table 3 shows the aggregate costs of treatment by histology, stage at diagnosis, and cost category over the three years following diagnosis or up to death. In NSCLC cases, the aggregate hospital cost of lung cancer treatment ranged from 177,320 Euros at Stage II to 1,068,133 Euros at Stage IV. The aggregated cost in Stage IV was the highest, representing 41.9% of the total cost. In SCLC cases, the aggregate cost for limited disease was assessed at 107,929 Euros, whereas the cost for extensive disease was assessed as 199,707 Euros, representing 61.6% of the total cost. Table 4 shows the mean cost per patient of lung cancer treatment by histology, sex, age group, stage at diagnosis, survival at one year from diagnosis and cost type. Mean cost per patient in NSCLC ranged from 13 In SCLC patients, the mean cost per patient with limited disease was 15,418 Euros, whereas the mean cost per patient with extensive disease was 12,482 Euros. The main cost components in the global mean cost per patient in SCLC were chemotherapy (36.1%) and other inpatient costs (28.7%).
Cost estimation
Whereas large qualitative differences were observed between stages with regard to the aggregrate cost of treatment, the Kruskall-Wallis test did not show any statistically significant cost differences between stages in the mean cost per patient in the NSCLC, SCLC and NCC groups (p-value = 0.289, 0.140 and 0.231, respectively). MannWhitney tests showed statistically significant cost differences between patients who did or did not survive at one year from diagnosis in NSCLC cases (p-value = 0.002) and between age groups in SCLC and NCC patients (p-value = 0.006 and 0.009 respectively). Table 5 shows the mean cost of surgical, chemotherapy and radiotherapy treatments by histology and stage at diagnosis. In NSCLC, the mean cost of surgical interventions ranged from 7,621 Euros in Stage IV to 10,228 Euros in Stage III. The mean cost of chemotherapy treatment ranged from 1,949 Euros in Stage I to 7,179 Euros in Stage IV. The mean cost of radiotherapy ranged from 663 Euros in Stage IV to 1,308 Euros in Stage II. In SCLC patients, the global mean cost of chemotherapy and radiotherapy treatments were 3,778 Euros and 943 Euros, respectively. In NCC patients, the global mean cost of surgical interventions, and chemotherapy and radiotherapy treatments were assessed at 8,835 Euros, 6,988 Euros and 791 Euros, respectively. Regardless of the histology, high variability was observed in the mean cost of chemotherapy treatments.
Discussion
In this multicentre study, we assessed hospital costs of lung cancer diagnosis and treatment in 232 patients from 9 hospitals in Catalonia. There were 53 public hospitals, of which only 10 had a thoracic surgery unit. The 9 hospitals selected from this study were taken from this group. Therefore, this sample selection was considered to be representative of teaching surgical hospitals in Catalonia.
The results of this study show that there is no association between the mean cost per patient and the stage of the disease. Indeed, there were no statistical significant differences in the mean cost per patient between stages.
In NSCLC, surgery, diagnosis, chemotherapy and other inpatient care were the main components of the mean cost per patient. The relative weight of chemotherapy was not as high as expected because of the type of drug schemes used at that time. While the costs of Stages II and IV were quite similar, the relative weight of surgery and chemotherapy cost was higher in Stage II. As expected, and in accordance with clinical guidelines [17] , advanced disease stages were associated with a decrease in the relative weight of surgery, but an increase in chemotherapy costs. This pattern was also observed in the mean costs of chemotherapy treatments received. In the final balance, these different costs may cancel each other out, explaining why no association was observed between mean cost per patient and the stage of the disease. For SCLC patients, chemotherapy was one of the main components of the mean cost per patient.
In both NSCLC and SCLC, the cost of other inpatient care was relatively important in terms of global mean cost per patient at all stages. This might be due to the comorbidity associated with these tumours.
In NSCLC cases, a statistical difference between the mean cost of patients surviving one year from diagnosis and those who died was observed, so among other reasons, cost differences might also be explained by their different lengths of survival. In SCLC patients, this difference was also observed, although it was not statistically significant.
In SCLC and NCC patients there were differences in the mean cost per patient between age groups, with older groups incurring more costs. This suggests that these patients had a higher comorbidity, perhaps due to their more advanced age.
In the last ten years, various studies have estimated the cost of lung cancer treatment, with different objectives, methodologies and health contexts. Most of these studies have analysed cost components, but their findings are not directly comparable because resource use is not classified into the same cost categories as in our study. However, using similar methodology, in the study carried out by Kang et al. [13] , the relative weight of chemotherapy costs in the total mean cost per patient in NSCLC is similar to our findings, ranging from 5% in Stage I to 33% in Stage IV. However, in SCLC patients their results are lower than ours. Dedes et al. [4] did not distinguish between NSCLC and SCLC, and they found that the largest cost item corresponded to hospitalisation (71% of total cost). They also found that chemotherapy was responsible for 14% of the total cost.
Only a few studies have analysed the hospital cost of lung cancer treatment by stage at diagnosis. In the study carried out by Fleming et al. [12] , the researchers found that the stage at diagnosis had a significant influence on diagnostic, treatment, and total hospital costs. Costs were lower when disease presentation was at an advanced stage, reflecting the shorter survival and lower tolerance to aggressive treatment among these patients, as well as the more limited treatment options available to them. On the other hand, increasing costs in advanced stages of the disease have been observed in other studies [13] . Our findings on the influence of the stage at diagnosis in mean cost per patient are consistent with those presented by Demeter et al. [3] , where there was no clear correlation between mean cost per patient and stage at diagnosis.
We were not able to identify any study similar to ours in Spain. The study carried out by Isla et al. [5] analysed treatment patterns, use of resources and costs of advanced NSCLC patients and was based on consensus recommendations of different chemotherapy schemes. The results reported are much higher than in our study because they are not based on clinical practice; rather, they are theoretical costs of chemotherapy in advanced stage and do not take into account the variability of clinical practice. Another study carried out by Arca et al. Y analysed the costs of lung cancer diagnosis. They found that the mean cost for diagnosing NSCLC was 5,070 Euros, while the cost of diagnosing SCLC was 3,692 Euros. These diagnostic costs were significantly higher than our findings, but the study was limited to the cases diagnosed in one teaching hospital in the city of Ourense, so the differences may reflect specific diagnostic patterns of that hospital, while our study reflects the multihospital cohort made up of all public hospitals in Catalonia.
The cost of lung cancer treatment presents an important variability within each stage (mainly in SCLC) due to the limited number of patients included in the analysis. Given the low incidence of SCLC, which is only around 15% of the total incident cases of lung cancer, the low number of SCLC cases included in our study was largely unavoidable.
One limitation of this study is that only teaching hospitals were included, and therefore a larger number of patients requiring complex treatment would be expected. However, we limited our study to teaching hospitals because of the availability of thoracic surgery units in these centres. The estimation of surgery cost and the relative weight of surgery in mean total cost was one of the objectives of this study. In this sense, these hospitals were included in order to take into account the overall treatment of lung cancer. Nonetheless, this sample selection was considered to be representative of the surgical hospitals. Moreover, these type of hospitals have detailed information on resource use available through electronic records. Although our study covers a period of three years of follow-up after diagnosis, it doesn't provide costing information by time period. It is worth mentioning that this limitation is common to all studies conducted to date given the difficulty in obtaining the information needed to analyse these parameters. Therefore, further studies are required in order to investigate cost information by time period.
Conclusions
This study provides the costs of lung cancer treatment as calculated from patient file reviews. Chemotherapy and surgery were the most important components of costs. As far as we know, ours is the first study that provides hospital costs of lung cancer treatment based on a review of patient files from different hospitals in Spain. This cost analysis is a baseline study that will provide a useful source of information for future studies on cost-effectiveness and on the budget impact of different therapeutic innovations in Spain.
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